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CLAIMS 



(57) [Claim(s)] 

[Claim 1] The hollow fiber to which content of the polyvinyl pyrrolidone which is a hydrophilic 
giant molecule to the overall-height molecule (sum of an aromatic series polysulfone system 
giant molecule and a polyvinyl pyrrolidone) which constitutes a hollow fiber is characterized by 
being the hollow fiber whose content of the aromatic series polysulfone system giant molecule 
which is a hydrophobic giant molecule is 95 - 80 % of the weight and the content (B % and film 
pars intermedia being [ an internal surface ] C % for A % and an outside surface) of the polyvinyl 
pyrrolidone in the internal surface, outside surface, and film pars intermedia of this hollow fiber 
filling the following formula five to 20% of the weight. 

(A-X) 0.5 / X<=0.5 (2-KB-X) 2+(C-X) 2) X= (A+B+C)/3 [ however, ] — [Claim 2] The hollow 
fiber according to claim 1 which the void or the network structure accepted clearly does not 
exist, but is characterized by the internal structure of said hollow fiber being homogeneity 
structure substantially when observing said hollow fiber with a 300 times as many electron 
microscope as this. 

[Claim 3] The hollow fiber according to claim 1 or 2 which the hole accepted clearly does not 
exist but is characterized by the surface structure of said hollow fiber being smooth structure 
substantially when observing the internal surface and outside surface of said hollow fiber with a 
5000 times as many electron microscope as this. 

[Claim 4] The hollow fiber according to claim 1 to 3 characterized by the sieve multiplier of the 
beta 2-microglobulin in bovine blood liquid when the film surface product of the internal-surface 
conversion filled up with said hollow fiber filters bovine blood liquid with a protein concentration 
of 7g [/ml ] by part for 200ml/of the rates of flow blunder crit 30% to the module of 2 1 m by 
part for sink and 10ml/of the filtration rates of flow being 50% or more. 

[Claim 5] The hollow fiber according to claim 1 to 4 characterized by said hollow fiber containing 
polyhydric alcohol as a film structure-preserving agent. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hollow fiber used for blood purification etc. 
as an artificial organ. Also when endotoxin is contained in a dialysing fluid side in blood 
purification etc. in more detail, maintaining the high removal engine performance of low- 
molecular protein, such as beta 2-microglobulin, it is related with the hollow fiber which does 
not make the endotoxin invade into a blood side substantially. 
[0002] 

[Description of the Prior Art] From the former, the permeable membrane and ultrafiltration 
membrane using a polymer, such as a cellulose, cellulose acetate, polymethylmethacrylate, and 
a polyacrylonitrile, are used in the medical field for the purpose which removes the wastes in 
blood. The cellulose wall has been especially used widely in the dialysis treatment for the 
prolongation of life and social rehabilitation of a renal failure patient. 

[0003] For the purpose of removing low-molecular matter, such as a urea in blood, and a 
creatinine, it has been developed and clinical supply of these film has been carried out at the 
beginning. However, it is required for these blood purification film that the quality of a removal 
object by dialysis should make not only low-molecular matter, such as a urea and a creatinine, 
but the matter (low-molecular protein) of inside molecular weight to the amount of 
macromolecules applicable to removal in recent years with the increment in a long-term dialysis 
patient by long-term dialysis complication, such as a carpal tunnel syndrome, coming to attract 
attention. The film used for these therapies is called the high performance film (following, HPM), 
and enables removal of the bigger matter by expanding a membranous aperture from the 
conventional permeable membrane. 

[0004] It becomes right and wrong of the engine performance of HPM how fractionation of the 
albumin (molecular weight of 66000dalton) which is the useful protein in blood is performed to 
Sharp by the high polymer for [ which attracts attention especially on clinical ] removal being 
beta 2-microglobulin (molecular weight of 1 1600dalton) considered to be the quality of an 
amyloid ghost which causes a carpal tunnel syndrome, and excelling jn the removal nature of 
beta 2-microglobulin. 

[0005] To this problem, the conventional cellulose wall cannot necessarily say it as the material 
which can give the optimal membrane structure, but the material of synthetic systems, such as 
a cellulose triacetate, a polyacrylonitrile, and polysulfone, serves as a subject in this HPM field. 
Especially, the transparency film of a polysulfone system is excellent in the fabrication nature of 
a hollow fiber, and film production nature, and the film which suppressed the fall of solute 
permeability by the hydrophobicity of the polysulfone itself is indicated by JP,61 -93801 ,A and 
JP,4-300636,A by blending a hydrophilic giant molecule. 

[0006] Furthermore, the interleukin assumption (3 Blood Purif., 1; 1983) which Henderson and 
others to long-term dialysis complication presented is regarded as questionable with the spread 
of HPM(s) in recent years, according to this idea, as an immunity-process which causes the 
dialysis amyloidosis, monocyte is stimulated by activation of complement, the endotoxin in blood 
acts there, and the interleukin (IL-1) from monocyte carries out production emission — having 
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— it — growth of fibrocyte or a collagen — starting — moreover, manifestation sthenia of the 
human leucocyte antigen class 1 — beta 2-microglobulin emission — causing — the amyloid to 
arthritis and a bone — resulting in the self-possessed onset is shown. In a long-term dialysis 
patient, there is a chronic IL-1 production stimulus by activation of permeable membrane and 
the complement by contact of blood, extracorporeal circulation enforcement (invasion into the 
blood of the endotoxin from dialysing fluid etc.) of blood, etc., and it results in complication. 
[0007] To this problem, a cellulose triacetate, polysulfone, etc. are known as a material of good 
biocompatibility (low complement activity). However, in HPM, since the film aperture is made to 
expand, to invasion of the endotoxin from the outside, a result by which dangerous ** is carried 
out conversely has been brought. 

[0008] Moreover, in HPM, in the blood inflow section of blood purifier, a blood side becomes 
negative pressure from the effect of the pressure loss of the hemodialyzer, and the osmotic 
pressure difference of blood-dialysing fluid near a blood outlet in spite of positive pressure, it is 
known that the Backfiltration' phenomenon which the reverse filtration from a dialysing fluid 
side produces will happen, and it is apprehensive about the danger of endotoxin invasion into 
blood also from this point. It is actually reported by the patient group of cellulose wall use, and 
the patient group of synthetic membrane use of a HPM system that latter one has a high rate 
of endotoxin antibody-positive. (Trans.Am.Soc.Artif.Inten.Organs,35;331,1989) 
[0009] Endotoxin is the lipopolysaccharide or its protein complex of the cell wall origin of a gram 
negative, the minimum fragmentation which has activity is lipid A, and molecular weight is 
thousands here. Therefore, endotoxin will be penetrated for HPM with 10,000 cuts off molecular 
weight. The polysulfone hollow fiber currently similarly indicated as the aforementioned 
conventional technique cannot guarantee the nontransparent nature of endotoxin, either, on the 
other hand, the time of clinical use — endotoxin — although using free dialysing fluid is 
recommended, current is impossible without the thorough validation of the whole dialysis facility 
which there is disadvantageous profit to which equipment and a running cost increase, and also 
included people's activity in carrying out an endotoxin free-lancer completely. 
[0010] Moreover, preparing an endotoxin removal filter just before the blood purifier of the 
supply line of dialysing fluid is also performed. However, there is also a report that endotoxin is 
condensed by the connection to blood purifier, and having the function in which the blood 
purifier itself does not make endotoxin invade, finally can call it an ideal. 
[0011] On the other hand, the polysulfone film currently indicated as the aforementioned 
conventional technique first of all, from there being no description to endotoxin and membrane 
structure being the unsymmetrical structure of having puncturing of micron order from 
submicron one in a dialysing fluid side (outside surface of a hollow filament), further It is 
apprehensive about the endotoxin invasion from this big aperture, and is only that a detached 
core with a thickness of several [ a little less than (3 microns or less) ] microns is shown in an 
internal surface, and the probability for endotoxin to invade into blood only by producing some 
defects in this layer becomes high. 

[0012] The method of processing the film to JP,7-1 1 6484,A by cationic resin, and making 
endotoxin stick to it by the interaction like ion as a technique which gives endotoxin adsorption 
capacity to the polysulfone system film itself is indicated. However, it is not necessarily anion- 
like [ all the components of endotoxin ], and is a question about the effectiveness under high 
electrolytic concentration, such as dialysing fluid and blood. Moreover, for using as blood 
purification film, it is not necessarily applicable from the field of the safety of the membraneous 
ability fall by the cation resin coat, an effluent, etc. 

[0013] Moreover, as selective adsorbent of endotoxin, although there is a histidine bridging (446 
a fermentation engineering meeting magazine, 65 volumes, No. 5, 1987) or a polymyxin bridging 
(JP,5-305139,A), these are the technique for carrying out adsorption treatment of the 
endotoxin content liquid by direct perfusion, and are not the techniques applied to the blood 
purification film as used in the field of this invention. 
[0014] 

[Problem(s) to be Solved by the Invention] Although the technical problem of this invention is 
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excellent in the removal engine performance of harmful low-molecular protein, such as beta 2- 
microglobulin, at the time of blood purification, it is to provide a blood side with the blood 
purification film which does not pass endotoxin substantially and which has the high dialysis 
engine performance and high safety from a dialysing fluid side. 

[0015] Although invention-in-this-application persons removed unnecessary low-molecular 
protein from the blood side to the dialysing fluid side by making the configuration polymer ratio 
of the hydrophobic macromolecule of the film whole region of a hollow fiber, and a hydrophilic 
macromolecule into the suitable range, and giving moderate hydrophilic property and 
hydrophobicity to the whole hollow fiber as a result of inquiring wholeheartedly, in order to solve 
this technical problem, it found out that it became possible to lose contamination of the 
endotoxin from a dialysing fluid side to a blood side. Furthermore, it found out that endotoxin 
could be prevented by the whole film by [ which include neither a void nor the network 
structure for the membrane structure of a hollow fiber ] considering as uniform structure 
substantially. 

[0016] moreover — the macromolecule which has aromatic series as a functional group — 
endotoxin adsorption capacity — it is — ** — it found out that the pollution control by 
endotoxin could be attained further easily by constituting a hollow fiber with the macromolecule 
of an aromatic series system [ like ]. ** — endotoxin originates in the lipid section of endotoxin 
joint protein or lipid A, and it is thought of because it has adsorbent in a hydrophobic side to 
some extent that endotoxin sticks to the macromolecule of an aromatic series system [ like ]. 
[0017] Furthermore, in order to reconcile the permeability of the low-molecular protein field (a 
little less than 20,000 molecular weight) which is the need property of above HPM, and 
advanced endotoxin removal, this invention persons developed the pore control technique by 
the side of the dialysing fluid which cannot be accomplished by the conventional blood 
purification film (hollow filament outside). This also gave a compact layer and pore to the hollow 
filament external surface of homogeneous membrane structure, and it found out that endotoxin 
could be adsorbed by the large adsorption area of the whole thickness section also to the 
endotoxin which invaded into control of invasion of the endotoxin from hollow filament external 
surface, adsorption, and the pore section that performs solute transparency further. 
[0018] In case the spinning undiluted solution with which pore control of hollow filament 
external surface was breathed out from the nozzle in the hollow filament spinning process by 
the aforementioned phase separation method is deliquored from hollow filament external surface 
in a coagulation bath, dedropping and what has the still more unstable stagnation to hydrophobic 
**** by processing of rinsing etc. are slightly dropped completely for the hydrophilic 
macromolecule near the outside surface by coincidence into a coagulation bath. The omission 
section of this hydrophilic giant molecule forms the detailed hole below submicron one in the 
membranous outside-surface section, and is considered with the ability of the adsorption 
capacity of endotoxin to be made to increase according to the activated carbon-effectiveness 
by this pore. 

[0019] Evaluation of the pore of an outside surface has the possibility of a certain amount of 
observation with SEM, an atomic force microscope, a replica method, etc. However, even if 
observation in the condition (KURAIO SEM, the low vacuum (SEM) in the thing made to freeze- 
dry or the condition of having got wet) except the point that the hollow filament is covered by 
the film structure-preserving agent, and a ******** membrane structure hold-back agent is 
possible, in current technology, it is thought that the exact surface pore evaluation below 
submicron one is difficult. Moreover, although there is an appraisal method of the pore by the 
BET adsorption method and the method of mercury penetration itself, these are impossible for 
evaluation of a local part called only a front face. Although this invention persons examined 
seeing the abundance of the hydrophilic macromolecule on the front face of the outermost by 
the surface IR method as indirect evaluation, since the problem of precision and the information 
on several micrometer depth were intermingled, difference evaluation of a minute amount was 
difficult. According to the above circumstances, this invention persons came to develop the 
blood purification film which it had [ film ] the solute permeability as HPM, and realized 
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coexistence of adsorbent [ over endotoxin ], and invasion inhibition. 

[0020] This invention completes examination in piles further based on the above-mentioned 
knowledge. 

[0021] The content of the polyvinyl pyrrolidone which is a hydrophilic giant molecule to the 
overall-height molecule (sum of an aromatic series polysulfone system giant molecule and a 
polyvinyl pyrrolidone) which constitutes a hollow fiber the invention in this application Namely, 5 
- 20 % of the weight It is the hollow fiber whose content of the aromatic series polysulfone 
system macromolecule which is a hydrophobic macromolecule is 95 - 80 % of the weight. The 
content (for A % and an outside surface, B % and film pars intermedia are [ an internal surface ] 
C %) of the polyvinyl pyrrolidone in the internal surface, outside surface, and film pars 
intermedia of this hollow fiber is the hollow fiber characterized by filling the following formula. 
(A-X) 0.5 / X<=0.5 (2+(B-X) 2+(C-X) 2) However, X= (A+B+C)/3 [0022] In a suitable 
embodiment, when observing the film cross section of said hollow fiber with a 300 times as 
many electron microscope as this, the void or the network structure accepted clearly does not 
exist, but the internal structure of said hollow fiber is homogeneity structure substantially. 
[0023] In a suitable embodiment, when observing the internal surface and outside surface of 
said hollow fiber with a 5000 times as many electron microscope as this, the hole accepted 
clearly does not exist but the surface structure of said hollow fiber is smooth structure 
substantially. 

[0024] It is 2 1m by the internal-surface conversion filled up with said hollow fiber in the 

suitable embodiment. The sieve multiplier of the beta 2-microglobulin in bovine blood liquid 

when filtering bovine blood liquid with a protein concentration of 7g [/ml ] by part for 200ml/of 

the rates of flow hematocrit 30% to a module by part for sink and 10ml/of the filtration rates of 

flow is 50% or more. 

[0025] 

[0026] 

[0027] In a suitable embodiment, said hollow fiber contains polyhydric alcohol as a film 
structure-preserving agent. 

[0028] Hereafter, the invention in this application is explained to a detail. 
[0029] It is not limited especially if the aromatic series polysulfone system macromolecule 
which is a hydrophobic macromolecule used for the hollow fiber of this invention is a polysulfone 
system macromolecule which has an aromatic series functional group in a molecule, and 
aromatic series polysulfone, aromatic series polyether sulphone, etc. are mentioned. 
[0030] The polyvinyl pyrrolidone which is a hydrophilic giant molecule is used for the hollow 
fiber of this invention. The polyvinyl pyrrolidone is suitable from viewpoints, such as 
compatibility with an aromatic series system polysulfone system macromolecule, and film 
production nature. 

[0031] The content of the aromatic series polysulfone system giant molecule whose content of 
the polyvinyl pyrrolidone which is a hydrophilic giant molecule to the overall-height molecule 
(sum of an aromatic series polysulfone system giant molecule and a polyvinyl pyrrolidone) which 
constitutes the hollow fiber of this invention is 5 - 20 % of the weight and a hydrophobic giant 
molecule is 95 - 80 % of the weight. When the content of a polyvinyl pyrrolidone is less than 5 % 
of the weight, sufficient solute permeability as HPM which makes endotoxin adsorbent the 
purpose of this invention of a certain thing is not acquired. When the content of a polyvinyl 
pyrrolidone exceeds 20 % of the weight, possibility that a polyvinyl pyrrolidone will be eluted 
becomes high and becomes a problem from a safety aspect. The content of a desirable polyvinyl 
pyrrolidone is 8 - 20 % of the weight, and especially desirable content is 12-16 % of the weight. 

[0032] In addition, a hollow filament can be ground, and it can equalize, or a suitable solvent can 
be made to be able to carry out the homogeneity dissolution, and the content of the polyvinyl 
pyrrolidone of the whole film can measure the content of a polyvinyl pyrrolidone by technique, 
such as ultimate analysis, molecular vibration analysis, and NMR, after making only the 
macromolecule material which constitutes the film except for a film structure-preserving agent 
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by suitable processings (rinsing, desiccation, etc.) boiled the case where it carries out by 
ultimate analysis — a polyvinyl pyrrolidone or an aromatic series polysulfone system 
macromolecuie — it asks for the content of the element which exists only in any they are, and 
asks for the content to the overall-height molecule of which macromolecuie from the molecular 
structure. In molecular vibration analysis (for example, IR analysis) and NMR, it can ask for 
content from reinforcement, such as a polyvinyl pyrrolidone or an absorption band peculiar to an 
aromatic series polysulfone system giant molecule, and a chemical shift. Although it could ask 
for the content of a polyvinyl pyrrolidone by any aforementioned approach, in this invention, the 
content of the polyvinyl pyrrolidone of the whole film was measured by IR analysis. The detail of 
a measuring method is as given in the column of measurement of the content of the polyvinyl 
pyrrolidone of the whole film. 

[0033] Moreover, the hollow fiber of this invention is a hollow fiber to which content (B % and 
film pars intermedia are [ an internal surface ] C % for A % and an outside surface) of the 
polyvinyl pyrrolidone in an internal surface, a membranous outside surface, and membranous film 
pars intermedia is characterized by filling the following formula. 

(A-X) 0.5 / X<=0.5, however X= (A+B+O/3 — when the value of this formula exceeds 0.5, it 
becomes the macromolecuie presentation which inclined toward the polyvinyl pyrrolidone or the 
aromatic series polysulfone system macromolecuie, and adsorbent [ of endotoxin ] falls (2+(B- 
X) 2+(C-X) 2). Moreover, that the value of this formula is 0.5 or less has compactness with the 
whole moderate film, and it can prevent endotoxin by the whole film. The value of a desirable 
formula is 0.4 or less. In addition, at least membranous each part shows the distribution 
condition of the polyvinyl pyrrolidone of (an internal surface, an outside surface, and film pars 
intermedia), a polyvinyl pyrrolidone is distributed at least over membranous each part at 
homogeneity, so that the value of this formula is small, and this formula shows that that content 
is also fixed. On the other hand, distribution of the polyvinyl pyrrolidone like each part is so 
uneven that the value of this formula is large, and it is shown that a big difference is in the 
polyvinylpyrrolidone content like each part. Henceforth, let the value of this formula be a 
polyvinylpyrrolidone distribution number. 

[0034] In addition, the content of the polyvinyl pyrrolidone like membranous each part can be 
evaluated from various energy and molecular vibration analysis based on a surface analysis 
method. In this invention, the content of the polyvinyl pyrrolidone of an about [ each part ] is 
measured from the ratio of the polyvinyl pyrrolidone contained in a membranous internal 
surface, pars intermedia, and an outside surface by micro Fourier transform infrared 
spectrophotometry, and the band strength originating in an aromatic series polysulfone system 
giant molecule. The detail of a measuring method is as given in the column of measurement of 
the content of the polyvinyl pyrrolidone like membranous each part. 

[0035] When the hollow fiber of this invention observes a membranous cross section with a 300 
times as many electron microscope as this, the void accepted clearly or the network structure 
does not exist, that the void accepted clearly or the network structure does not exist above 
when observing a membranous cross section with a 300 times as many electron microscope as 
this is the homogeneity structure where a film internal structure does not have a cavity 
substantially — meaning — ** — the hollow fiber of this invention becomes possible 
[ preventing migration of the endotoxin from a dialysing fluid side to a blood side by the whole 
film ] by being homogeneity structure like. 

[0036] When the hollow fiber of this invention observes a membranous internal surface and a 
membranous outside surface with a 5000 times as many electron microscope as this, the hole 
accepted clearly does not exist. If the hole accepted clearly does not exist when observing a 
membranous internal surface and a membranous outside surface with a 5000 times as many 
electron microscope as this a membranous surface structure is smooth structure substantially 
— meaning — ** — the hollow fiber of this invention by being smooth structure like Also when 
actually processing blood, there is little blinding of a hole, and a secondary polarization layer will 
also be formed thinly and becomes possible [ maintaining the high removal engine performance 
of unnecessary low-molecular protein, such as beta 2-microglobulin, ]. 
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[0037] In addition, generally, evaluation by the scanning electron microscope (SEM) is a stock- 
in-trade, and membrane structure evaluated membrane structure based on observation by the 
electron microscope also in this application. In addition, the membrane structure of this 
invention is homogeneity and smooth structure substantially as they were explained above. ** - 
- in order to evaluate homogeneity and smooth nature, it should observe and the electron 
microscope of the biggest original possible scale factor should estimate, but in order to avoid 
the effect on the membrane structure by the heat which an electron microscope generates, in 
the present condition, 5000 times are an upper limit [ like ] Therefore, in this application, 
evaluation of membranous smooth nature was evaluated by observing the internal surface and 
outside surface of a hollow fiber with a 5000 times as many electron microscope as this. Here, 
when a hole did not exist and the observation limit in a 5000 times as many enlargement as this 
sets to 0.2mm, it means that a hole or a cavity 400A or more do not exist. 
[0038] Thickness is several micrometers - 80 micrometers, and, as for the hollow fiber of this 
invention, it is desirable to have the cross section of the perfect circle form where an outer 
diameter is 100 micrometers - 500 micrometers. As described above, since the hollow fiber of 
this invention is homogeneity structure substantially, to lower thickness to raising the 
separation efficiency of a solute is desired, thickness is 1 5 micrometers - 40 micrometers 
preferably, and an outer diameter is 200-300 micrometers. 

[0039] It is 2 1m by the internal-surface conversion filled up with the hollow fiber of this 
invention. The sieve multiplier of the beta 2-microglobulin in bovine blood liquid when filtering 
bovine blood liquid with a protein concentration of 7g [/ml ] by part for 200ml/of the rates of 
flow hematocrit 30% to a module by part for sink and 10ml/of the filtration rates of flow is 50% 
or more. 50% or less of the elimination factor of beta 2-microglobulin is [ a sieve multiplier ] 
insufficient. Moreover, in this invention, the elimination factor at the time of actually pouring 
blood as mentioned above prescribed the elimination factor of beta 2-microglobulin. This is for 
forming a secondary polarization layer as mentioned above, and producing a big difference by 
the sieve multiplier in a drainage system, and the sieve multiplier in a blood system, when blood 
is actually poured to a hollow fiber. 

[0040] Moreover, it is defined as 50% or more of permeability here by the sieve multiplier (SC) 
shown by the following formula using the liquid which penetrated the liquid supplied to a hollow 
filament, the passed liquid, and the film, and the beta 2-microglobulin concentration contained in 
each. 

Beta 2-microglobulin concentration T3 in SC(%) =(T1x2)/(T2+T3) x100, however the beta 2- 
microglobulin concentration T2:supply liquid in T1 permeate liquid: Beta 2-microglobulin 
concentration in passage liquid [0041] As for the hollow fiber of this invention, it is desirable 
that membrane structure is held by the film structure-preserving agent. As for a film structure- 
preserving agent, it is desirable that it is necessary to be the matter easily washed and removed 
with water, a physiological saline, etc. in case it is used as blood purifier, and it is the water- 
soluble matter. For example, polyhydric alcohol, such as glycerol and a glycol, polysaccharide, or 
a surfactant is mentioned. Especially, installation the safety as blood purification film and inside 
[ of polysulfone system homogeneous membrane ] pore is especially easy for a glycerol, and is 
desirable. 

[0042] As an approach of producing the hollow filament mold blood purification film of this 
invention, an aromatic series polysulfone system giant molecule and a polyvinyl pyrrolidone are 
dissolved in the solvent which consists of mixed liquor of a solvent, or a solvent and a non- 
solvent, for example, a dope undiluted solution is adjusted, and the method of making this 
breathe out from a nozzle and making the film formation by phase separation perform in 
coagulation liquid is mentioned. By this approach, pore size distribution of membranous pore is 
narrowed and it becomes possible to acquire the fractionation property of a sharp constituent 
of blood. Moreover, it is possible by choosing suitable dope conditions and coagulation 
conditions to give various solute separation properties to the film. 

[0043] Moreover, it is required for formation of a centrum to use a centrum formation heart 
agent, and this heart agent may be used for coincidence as coagulation liquid. By the film of the 
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conventional polysulfone system, the asymmetric membrane which the film is produced by this 
technique and the inside solidified densely is formed. Homogeneous membrane can be obtained 
by using gas or the fluid of low freezing characteristic for a heart agent to it. When gas etc. is 
furthermore used for a heart agent to what a hydrophilic macromolecule tends to carry out 
localization to a compact layer in in the case of unsymmetrical structure, a hydrophilic 
macromolecule can be comparatively introduced into the whole film at homogeneity, and it 
becomes possible to obtain the film which has the good structure of the balance of a 
hydrophilic property and hydrophobicity by the whole film. 

[0044] The hollow fiber furthermore formed processes rinsing, desiccation, etc. The 
homogeneous membrane which does not have supporters at this desiccation process has much 
fall ****** in the membraneous ability which the film contracted with the surface tension of the 
water accompanying desiccation etc., and was prepared by the phase separation method. In 
order to prevent this, it is desirable to include a film structure-preserving agent in membrane 
structure. As for a film structure-preserving agent, being introduced before a desiccation 
process is optimal after rinsing. 

[0045] The hollow filament mold blood purification film of this invention can specifically, for 
example, as follows, be manufactured. 

[0046] The spinning undiluted solution (dope) which consists a polyvinyl pyrrolidone 15 to 35% of 
the weight in an aromatic series polysulfone system giant molecule, and consists a non-solvent 
of 10 - 50 % of the weight 30 to 60% of the weight in a solvent two to 5% of the weight is heated 
and dissolved in 50-190 degrees C, and it extrudes from the outside of a double pipe nozzle, 
and from a center, there is no freezing characteristic to a gas or a spinning undiluted solution 
(dope), or the low liquid of freezing characteristic is sent in. After it passes through the inside of 
40 - 60% of the weight of a glycerol water solution after it was solidified through the 5-60- 
degree C freezing characteristic liquid after the extruded spinning undiluted solution made it run 
the 1-20mm air, and it was rinsed, and it infiltrates a glycerol, it is dried with an oven. 
[0047] As the above-mentioned solvent, polar solvents, such as N.N-dimethylformamide, N,N~ 
dimethylacetamide, N-methyl pyrrolidone, and gamma-butyrolactone, can be used by 
independent or mixing, independent [ in ether, such as polyols, such as ethylene glycol, 
triethylene glycol, a polyethylene glycol, a propanediol, and butanediol, or ethylene glycol 
monoethyl ether, and diethylene glycol monoethyl ether, ] as the above-mentioned non-solvent 
— or it can be mixed and used. Moreover, as a hollow formation agent, fats and oils, such as 
gas, such as nitrogen, an argon, oxygen, carbon dioxide gas, helium, and air, or a liquid paraffin, 
myristic-acid isopropyl, vegetation, and straight mineral oil, or other low freezing characteristic 
liquids can be used. The solvent which can be used by this invention, a non-solvent, and a 
hollow formation agent are not restricted above. 

[0048] Hereafter, although an example explains the contents of this invention to a detail further, 
this invention is not limited at all by the following. 

[0049] First, the measuring method of the beta 2-microglobulin of the blood purification film of 
this invention, endotoxin, an effluent, and a hydrophilic macromolecule content is explained. 
[0050] 1. By the internal-surface conversion in which put in the hollow filament of about 10000 
SC(%) trial blood purification film of beta 2-microglobulin into the plastic part, and both ends 
carried out opening, it is 2 a film area of about 1m. A module is produced. The hematocrit 30% 
cow fresh blood which carried out anticoagulation processing of this module after washing by 
the physiological saline and at a blood side (hollow filament inside) is poured by part for 200ml/. 
By modular internal-surface conversion, it is 2 1m of film surface products. The pump 
connected to the dialysing fluid side so that it might become a part for filtration velocity/ of 
10ml of a hit performs hemofiltration, and measurement and the aforementioned SC (%) are 
calculated about the following. The blood of the inlet port of the module at the time and an 
outlet and filtrate are sampled for hemofiltration initiation 15 minutes, and the concentration of 
beta 2-microglobulin is measured with enzyme immunoassay (for example, beta2-MG-EIA TEST 
Wako Pure Chem industry) etc. In addition, it carries out to the bovine blood liquid used by the 
measurement concerned by adding the beta 2-microglobulin of the Homo sapiens origin 
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beforehand. According to a formula 1, SC (%) is calculated from the concentration of these beta 
2-microglobulin. 

[0051] 2. By outside-surface conversion of the hollow fiber for endotoxin adsorption test 
measurement, it is 2 0.05m of film surface products. A hollow fiber is minced in die length of 
1cm, it puts into glassware, and 50ml of endotoxin free water is added, 30ml (about 7.0 EU/ml) 
of endotoxin solutions is added to the repeat last 3 times, an immersion-decantation is 
incubated at 37 degrees C for 1 hour, liquid is sampled after that, and the quantum of the 
endotoxin is carried out. It carries out to measurement of endotoxin by the colorimetry method 
(Seikagaku TOKISHI color system). (Limit of detection is 0.2 EU/ml) In addition, all of the glass 
instrument used in this experiment, scissors, etc. use what gave 260-degree-C dry sterilization 
beforehand, and measurement is carried out by the clean bench. 

[0052] Moreover, endotoxin removal with a module is measured by the following approaches. 
[0053] 3. An endotoxin radiographic examination evaluation sample uses the same dialyzer as 
the above-mentioned SC (%) evaluation, and fully washes a module and the whole connection 
circuit by the single pass using ultrapure water (the Millipore Corp. make, milli-Q system) first. 
Subsequently, the liquid which flows the blood side (hollow filament inside) of a dialyzer is made 
into the circulatory system, and it passes by part for 200ml/(total amount of 21. of circulating 
water). Circulation liquid is sampled at this time and it asks for early endotoxin concentration. 
Moreover, a dialyzer with a sink and a UFR controller (the Nipro make, NCU-6) is used for 
endotoxin content liquid (mixed water of a city water and RO water; about 2.0 EU/ml) according 
to a counterflow by part for 500ml/at a single pass, and the amount of water penetration 
between film is turned on the dialysis side to coincidence about 0. Circulating water by the side 
of after [ 2 hour progress ] blood is sampled. Sampling liquid measures endotoxin concentration 
similarly by the aforementioned technique. The dynamic range of radiographic examination 
measurement of endotoxin was carried out by 0.02-0.1 5EU/ml. Moreover, early endotoxin 
concentration was below limit of detection. 

[0054] 4. Measure with the ultraviolet absorption spectrum (UV) of an extract based on an 
eluting material test artificial-kidney acknowledgement benchmark test (Japanese artificial 
organ industrial association). UV of an acceptance standard is 0.1 or less. 

[0055] 5. In this invention, the content of the measurement polyvinyl pyrrolidone of the content 
of the hydrophilic giant molecule (polyvinyl pyrrolidone) of the whole film and an aromatic series 
polysulfone system giant molecule is almost the same as the preparation ratio of a spinning 
undiluted solution, or is falling a little. The check of the abundance ratio after hollow filament 
formation was performed by the following approaches. The KBr tablet after dissolving in a 
suitable solvent at homogeneity is made to apply and dry a hollow filament, and Transparency IR 
is measured. This estimates the intensity ratio of the peak of the polyvinylpyrrolidone origin of 
IR band, and the aromatic series polysulfone system macromolecule origin. The compounding 
ratio (% of the weight) of a polyvinyl pyrrolidone and an aromatic series polysulfone system 
macromolecule measured similarly with the known sample, created the calibration curve, 
calculated the content (weight [ of a polyvinyl pyrrolidone ] % to an overall-height molecule) of 
the polyvinyl pyrrolidone in a hollow filament by this, and considered as the polyvinyl- 
pyrrolidone content of the whole film. 

[0056] 6. Assay of the polyvinyl pyrrolidone like the intensity ratio of the hydrophilic giant 
molecule like membranous each part (polyvinyl pyrrolidone), content, and each part of the 
measurement film of a distribution number measures [ sample / which cut the hollow filament 
perpendicularly and extended it ] a front face IR about an inside front face and an outside front 
face. Pars intermedia measures a front face IR similarly about the sample which shaved off the 
surface and exposed pars intermedia. Pars intermedia was mostly used as the central part of 
the thickness section. The front face IR was performed by the FT-IR micro ATR method (IER; 
diamond). On this condition, about 1 .5-micrometer layer on the front face of a sample is 
measured. Peak intensity was measured like 5. and it asked for the intensity ratio. In this case, 
since the estimate of the content by calibration-curve creation was difficult, it estimated the 
content of the polyvinyl pyrrolidone in a membranous internal surface, an outside surface, and 
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pars intermedia from the ratio of the peak intensity itself. Since a **** bee and this intensity 
ratio expressed the content by which the polyvinyl pyrrolidone like each part was standardized, 
they computed the distribution number of a membranous polyvinyl pyrrolidone using this value. 
[0057] Polyether sulphone 22 % of the weight, 3.0 % of the weight (K-90) of polyvinyl 
pyrrolidones, (Example 1) A N-methy|-2-pyrrolidone as a solvent the solution which carried out 
the heating dissolution of the raw material with which polyethylene-glycol #200 consist of 37.5 % 
of the weight at 120 degrees C as a non-solvent 37.5% of the weight Nitrogen is sent in and it 
considers as the shape of a hollow filament, and water, a N~methyl-2-pyrrolidone, and 
polyethylene-glycol #200 passed the inside of the freezing characteristic liquid with a 
temperature of 40 degrees C which mixes and changes by the weight ratio of 60:20:20, and 
made it to extrude from the outside of a double pipe nozzle and solidify from a core. Then, 
rinsed, after infiltrating 50% of the weight of a glycerol, it was made to dry with a dryer, and the 
bore of 201 micrometers and the hollow fiber of 28 micrometers of thickness were obtained. 
The void from a 300 time SEM image or the network structure of the cross section of the 
obtained hollow filament is not observed, but the hole from a 5000 time SEM image on the front 
face of inside and outside is checked, and it is The content of the hydrophilic 

macromolecule from IR analysis was about 12%. The intensity ratio of an inside, a middle lamella, 
and an outside hydrophilic macromolecule was an outside > medium-rise > inside, and the 
distribution number was 0.21. Although this showed drawing 1 , drawing 2 , and drawing 3 to the 
example of measurement of a front face IR, it was calculated from the intensity ratio 
(A1670/A1570) of carbonyl absorption of the polyvinyl pyrrolidone of 1670cm-1, and absorption 
of the aromatic series of the polyether sulphone of 1570cm-1. In the following examples and 
examples of a comparison, it measured similarly. SC (%) of the beta 2-microglobulin of this 
hollow filament was 73%, and in an endotoxin adsorption test, the endotoxin concentration by 
the side of blood of the endotoxin concentration of the liquid after immersion is below limit of 
detection below limit of detection, and, as for most invasion by the side of the blood of 
endotoxin, it did not have an endotoxin radiographic examination in a module, either. Moreover, 
the eluting material test passed with UV=0.04. 

[0058] Polyether sulphone 21 % of the weight, 3.5 % of the weight (K-90) of polyvinyl 
pyrrolidones, (Example 2) A N-methy|-2-pyrrolidone as a solvent the solution which carried out 
the heating dissolution of the raw material with which triethylene glycol consists of 37.75 % of 
the weight at 120 degrees C as a non-solvent 37.75% of the weight Nitrogen is sent in and it 
considers as the shape of a hollow filament, and water, a N-methy|-2-pyrrolidone, and 
triethylene glycol passed the inside of the freezing characteristic liquid with a temperature of 40 
degrees C which mixes and changes by the weight ratio of 60:20:20, and made it to extrude from 
the outside of a double pipe nozzle and solidify from a core. Then, rinsed, after infiltrating 50% of 
the weight of a glycerol, it was made to dry with a dryer, and the bore of 202 micrometers and 
the hollow fiber of 32 micrometers of thickness were obtained. The void from a 300 time SEM 
image or the network structure of the cross section of the obtained hollow filament is not 
observed, but the hole from a 5000 time SEM image on the front face of inside and outside is 
checked, and it is The content of the hydrophilic macromolecule from IR analysis 

was about 14%. The intensity ratio of an inside, a middle lamella, and an outside hydrophilic 
macromolecule was an outside > medium-rise > inside, and the distribution number was 0.1 1. SC 
(%) of the beta 2-microglobulin of this hollow filament was 75%. In the endotoxin adsorption test, 
the endotoxin concentration of the liquid after immersion is 0.5 EU/ml, and adsorption was 
seen. The endotoxin concentration by the side of blood is below limit of detection, and most 
invasion by the side of the blood of endotoxin did not have an endotoxin removal trial with a 
module, either. Moreover, the eluting material test passed with UV=0.08. 
[0059] Polyether sulphone 27 % of the weight, 1.0 % of the weight (K-90) of polyvinyl 
pyrrolidones, (Example 1 of a comparison) A N-methy|-2-pyrrolidone as a solvent the solution 
which carried out the heating dissolution of the raw material with which polyethylene-glycol 
#200 consist of 36.0 % of the weight at 120 degrees C as a non-solvent 36.0% of the weight 
Nitrogen is sent in and it considers as the shape of a hollow filament, and water, a N~methyl-2- 
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pyrrolidone, and polyethylene-glycol #200 passed the inside of the freezing characteristic liquid 
with a temperature of 40 degrees C which mixes and changes by the weight ratio of 60:20:20, 
and made it to extrude from the outside of a double pipe nozzle and solidify from a core. Then, 
rinsed, after infiltrating 50% of the weight of a glycerol, it was made to dry with a dryer, and the 
bore of 201 micrometers and the hollow fiber of 28 micrometers of thickness were obtained. 
The void from a 300 time SEM image or the network structure of the cross section of the 
obtained hollow filament is not observed, but the hole from a 5000 time SEM image on the front 
face of inside and outside is checked, and it is **********. The content of the hydrophilic 
macromolecule from IR analysis was about 3.5%. The intensity ratio of an inside, a middle 
lamella, and an outside hydrophilic macromolecule was an outside > medium-rise = inside, and 
the distribution number was 0.14. SC (%) of the beta 2-microglobulin of this hollow filament is 
25%, and did not satisfy the requirements for HPM. In the endotoxin adsorption test, the 
endotoxin concentration of the liquid after immersion is 0.2 or less EU/ml, and adsorption was 
seen. The endotoxin concentration by the side of blood is below limit of detection, and most 
invasion by the side of the blood of endotoxin did not have an endotoxin removal trial with a 
module, either. Moreover, the eluting material test passed with UV=0.02. 
[0060] Polyether sulphone 25 % of the weight, 5.0 % of the weight (K~90) of polyvinyl 
pyrrolidones, (Example 2 of a comparison) A N-methy|-2-pyrrolidone as a solvent the solution 
which carried out the heating dissolution of the raw material with which polyethylene-glycol 
#200 consist of 35.0 % of the weight at 120 degrees C as a non-solvent 35.0% of the weight It 
extrudes from the outside of a double pipe nozzle. From a core Pour water, a N~methyl-2- 
pyrrolidone, and the liquid of freezing characteristic with which polyethylene-glycol #200 mix 
and change by the weight ratio of 60:20:20, and it considers as the shape of a hollow filament. 
Water, a N~methyl-2-pyrrolidone, and polyethylene-glycol #200 passed the inside of the 
freezing characteristic liquid with a temperature of 40 degrees C which mixes and changes by 
the weight ratio of 60:20:20, and made it solidify. Then, rinsed, after infiltrating 50% of the weight 
of a glycerol, it was made to dry with a dryer, and the bore of 201 micrometers and the hollow 
fiber of 40 micrometers of thickness were obtained. The network structure from a 300 time 
SEM image of the cross section of the obtained hollow filament was observed, and the hole 
from a 5000 time SEM image of an outside surface was checked, and it was not homogeneous 
membrane but asymmetric membrane. The content of the hydrophilic macromolecule from IR 
analysis was 5.0%. The intensity ratio of an inside, a middle lamella, and an outside hydrophilic 
macromolecule was an outside < medium-rise < inside, and the distribution number was 0.74. SC 
(%) of the beta 2-microglobulin of this hollow filament is 45%, and did not satisfy the 
requirements for HPM. In the endotoxin adsorption test, the endotoxin concentration of the 
liquid after immersion is 2.5 EU/ml, and adsorption was seen. In the endotoxin removal trial with 
a module, the endotoxin concentration by the side of blood is 0.15 or more EU/ml, and the 
invasion by the side of the blood of endotoxin was seen. Moreover, eluting material tests were 
UV=0.1 1 and a rejection. 
[0061] 
[Table 1] 
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[0062] 

[Effect of the Invention] The hollow fiber of this invention has the penetrable high ability which 
can remove beta 2-microglobulin 50% or more in the system which actually pours blood, 
prevents contamination of the endotoxin by the side of blood, and has adsorbent [ high ] and 
inhibition nature to TOSHIN so that clearly from the above explanation. ** — like, in the 
medical fields, such as hemodialysis, especially HPM, etc., it has the removal engine 
performance of a higher undesired substance, and the hollow fiber of this invention has higher 
safety, and enables the therapy of advanced quality by the hollow fiber of the invention in this 
application. As above, the effectiveness of the hollow fiber of this invention is size, and the use 
will be expected very much from now on in fields, such as hemodialysis which reclaims the 
improvement to dialysis complication from a new index. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the IR spectrum of the internal surface of the hollow fiber of this application 
example 1. 

[Drawing 2] It is the IR spectrum of the outside surface of the hollow fiber of this application 
example 1. 

[Drawing 3] It is the IR spectrum of the cross section of the hollow fiber of this application 
example 1. 

[Drawing 4] It is a 5000 times as many electron microscope photograph as the internal surface 
of the hollow fiber of this application example 1. 

[Drawing 5] It is a 5000 times as many electron microscope photograph as the outside surface 
of the hollow fiber of this application example 1. 

[Drawing 6] It is a 300 times as many electron microscope photograph as the cross section of 
the hollow fiber of this application example 1. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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